Abstract. In this paper, an environmental monitoring system based on ARM and ZigBee is introduced in detail. The system is designed for a large scientific device. The whole monitoring system is divided into two parts. One part is above water and another part is in water. The above water monitoring part is to monitor the environmental parameters, including temperature (±0.5℃), humidity (±4.5%RH@25℃) and air pressure (500~1100mbar, ±1mbar) in the laboratory hall of the large scientific device. The underwater part is the temperature monitoring of the purification water, the accuracy of temperature measurement is better than 0.2℃ in the range of 10℃. All the data is uploaded to the terminal server through the network.
Introduction
This design is aimed at a large scientific experimental device. The device has a central detector that is used to detect neutrinos. As shown in Fig.1 , The whole device is divided into two parts. One part is above water and another part is in water. The detector is made up of the structure that including the acrylic sphere (The inner diameter is 35.4m) and latticed stainless-steel shell. The whole device is soaked in the purification water. The acrylic sphere weighs 6 tons.20000 tons of liquid scintillation in acrylic sphere and 10000 tons of purification water is contained in a pool outside the acrylic sphere. In addition, there are about 2000 20" PMTs (photomultiplier tube) on the inner wall of the pool. There are about 20000 20" PMTs and 30000 3" PMTs on the outer wall of the acrylic sphere [1] . In this scientific device, in the above water part, there are a lot of microelectronic devices and many precise physical experiment equipment. The safe and stable operation of the central detector and the electronic performance are greatly influenced by the environment. In the water part, the change of the purification water's temperature will impact the strain of the connection bar. The energy scale of the detector and the noise and magnification of the PMTs are also influenced by the temperature of the purification water. Therefore, environmental monitoring is necessarily.
In view of the specific work requirements, there are two points:
(1) Above the water part, the system collects the data of each working point including temperature (±0.5℃), humidity (±4.5%RH@25℃) and pressure (500~1100mbar, ±1mbar).
(2) In the water part, the monitoring system should satisfy the requirement of the accuracy of temperature measurement is better than 0.2℃ in the range of 10℃. 
System Working Principles
The monitoring system is designed in this project that has a wide range of work and a lot of terminal nodes. It should satisfy the requirement of working continuously. The device has been scheduled to run for twenty years, so it is strict in the stability and reliability of the work.
As shown in Fig. 2 , in the above water part, the temperature and humidity sensor and the pressure sensor are connected with the MCU to collect the temperature and humidity and air pressure data. The MCU and ARM are communicated through the wireless transmission module. The ARM and server terminal are communicated with the TCP/IP. In the water part, the monitoring system is connected with sensors in optical channel fiber (The sensor's bandwidth is 3nm). In the water part, the reserved channels are used to achieve the function of disaster recovery [2] . 
Collecting Terminal above the Water

MCU
The micro controller chip of P89LPC932A1FDH is used in the field of acquisition terminal. It is based on a high-performance processor architecture that executes instructions in two to four clocks, six times the rate of standard 80C51 devices. It has 256-byte RAM data memory and 512-byte auxiliary on-chip RAM. Moreover, it has enhanced UART with fractional baud rate generator, break detect, framing error detection, and automatic address detection,400 kHz byte-wide I2C-bus communication port and SPI communication port and other functions. The main circuit connection diagram of MCU is shown in Fig. 3 . It has sensor acquisition circuit and communication circuit mainly. P89LPC932A1FDH has a rich interface that it can meet the requirements of the sensor's communication with MCU. MCU has two timers/counters. When the system works, we set the timer 1 to mode 2 and the initial value is 199.The analog conversion frequency of the output pressure sensor is 32.768KHz. Besides, the timer 0 is set to mode 1 and the initial value is 0. When the count serial port is filled with 20 bytes, the interruption will happen [3] .
Sensor Acquisition Circuit
SHT75 is selected for temperature and humidity sensor chip that the circuit diagram connection between MCU and SHT75 is shown in Fig. 3 , STH_DATA connects P0.1 and STH_SCK connects P0.2. The communication between the MCU and STH75 adopts the serial two wire interface that including SCK and DATA.
SHT75 provides fully calibrated digital output and it integrates humidity measuring elements and temperature measuring elements. SHT75 can achieve connection with 14bit ADC and serial digital interface. When the system is running, the humidity and temperature sensitive components convert the corresponding humidity and temperature into electrical signals. The electrical signal first enters the amplifier and the analog electrical signal is converted to digital signal after 14 bit analog to digital converter. Finally, the CRC is checked and then output the data through the I 2 C. MS5540C is used for air pressure sensor chip. The circuit diagram connection between the MCU and the MS5540C is shown in Fig. 2 . The serial clock signal line of the MS5540C connects to the P0.0, MS_DOUT connects P0.7, MS_DIN connects P2.1. Main clock signal line HP_MCLK connection P2.2. The timer 1 overflow pulse is used as the system clock of MS5540C.
When the system is running, the MCU sends instructions to read the corresponding pressure, temperature and correction parameter value. The equipment does not need the chip to select signal. MS5540C communicates with microprocessors and other digital systems through the 3 synchronous serial interfaces. The SCLK (serial clock) signals begin to communicate. The MS5540C sampling point data that each bit elevated by SCLK transmission synchronously. The data samples are obtained and sent to the falling end of the MS5540C SCLK when the microcontroller's SCLK at the SCLK falling end.
In addition, initialization should be first carried out each time. Timing sequence is shown as Fig.  4 . All communication starts from an instruction sequence of the pin DIN. Before the equipment set sequence, there has a start sequence (3bit high). After the equipment set sequence there has a stop sequence (3bit low). The set sequence contains 4 bits. 
ZigBee Interface Circuit in Collecting Terminal
ZigBee wireless network is selected in the system to upload measurement data. ZigBee is a wireless network protocol for low-speed and short-distance transmission [4] . ZigBee protocol is divided into physical, media access control layer, transport layer, network layer, application layer and so on. The physical layer and the media access control layer satisfy the IEEE 802.15.4 standard. ZigBee network is mainly characterized by low power consumption, low speed low complexity and so on. It supports a large number of nodes and multiple network topologies [5] . As shown in Fig. 5 , the ZM2410P0 module is chosen in this system. It is a monolithic ZigBee chip integrating CPU, which provides a high-performance transceiver for ZigBee network. The ZM2410P0 module follows the ZigBee specification and the IEEE 802.15.4 standard. The module uses UART interface to communicate with microprocessors in the system. The RXD, TXD of UART on the ZM2410P0 module cross interconnected UART's RXD and TXD on MCU. Data communication uses transparent transmission mode. 
Communication Control Unit
The ARM9 processor is the control core of the system. We use the samsung ARM9 processor S3C2440 as the embedded processor. SDRAM memory uses 2 pieces 16-bit 32M memory (HY57V561620FTP). It forms 32-bit 64M SDRAM storage space. SDRAM clock frequency is 100MHz.It chose 2M nor flash chip AMD29LV160DB and 128M nand flash chip K9F1G08 as flash memory. Nor flash is used for storage system. Bios is used for installation and boot system. The nand flash is divided into kernel and file system areas and he kernel area is used to hold the embedded Linux kernel [6] . As shown in Fig. 2 , in the above water part, the MCU and the acquisition terminal system are connected by ZigBee. The ARM9 processor communicates with the ZigBee module also by serial port. The MCU and ARM are communicated wirelessly [7] . The ARM and server terminal are communicated with the TCP/IP. The FBG demodulator is directly connected to the terminal server.
The FBG Module in the Water Part
Considering the characteristic of FBG sensor, the FBG sensors are selected for the monitoring of underwater temperature. FBG temperature sensor is divided into sensitized and non-sensitized type The sensitized temperature sensor is suitable for high precision temperature measurement.
The wavelength of FBG changes with temperature, stress, strain and other physical quantities. The change with temperature is one of the most important and direct applications [8] . Temperature affects the wavelength by thermal expansion effect and thermal light effect. In the water part, the FBG temperature measurement module mainly includes the FBG temperature sensor the FBG demodulator which can demodulate the data. As shown in Fig. 2 , each optical channel has a series of 10 sensors in a series of optical channels, with multiple optical channels to extend the measurement nodes.
Summary
For the above water part, results show that the system can collect the data of each working point correctly. The data including temperature (±0.5 ), humidity (±4.5%RH@25℃) and air pressure
